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Ruminant MHC Class l-Like Fc Receptors 

The present invention relates to ruminant MHC class Hike Fc receptors, more precisely 
immunoglobulin G (IgG) transporting ruminant, especially bovine (cow), dromedary and 
5 sheep, Fc receptor (FcRn) a-chain DNA molecules, and proteins encoded by said DNA 
molecules. The invention also relates to vectors containing the DNA molecules of the 
invention, and hosts comprising the vectors. Additionally, the invention comprises a method 
of producing milk with enhanced levels of immunoglobulins or proteins fused to 
immunoglobulin y -chains or FcRn interacting parts thereof. 

10 Background of the invention 

The transfer of passive immunity from tlje mother to the calf in ruminants involves 
passage of immunoglobulins through the colostrum (1). Upon ingestion of the colostrum, 
immunoglobulins are transported across the intestinal barrier of the neonate into its blood. 
Whereas this intestinal passage appears to be somewhat non-specific for types of 

15 immunoglobulins, there is a high selectivity in the passage of these proteins from the maternal 
plasma across the mammary barrier into the colostrum (2). There is a rapid drop in the 
concentration of all lacteal immunoglobulins immediately postpartum and the selectivity of 
this transfer has led to the speculation that a specific transport mechanism across the 
mammary epithelial cell barrier is involved. 

20 The protein responsible for transfer of maternal IgG in man, mouse and rat, the FcRn, 

consist of a heterodimer of an integral membrane glycoprotein, similar to MHC class I a- 
chains, and p2-microglobulin (3). IgG has been observed in transport vesicles in neonatal rat 
intestinal epithelium (4). Studies have shown that FcRn is also expressed in the fetal yolk sac 

■ 

of rats and mice (5), in adult rat hepatocytes (6) and in the human placenta (8,9). More 
25 recently, Cianga et aL (9) have shown that the receptor is localized to the epithelial cells of 
the acini in mammary gland of lactating mice. They have suggested that FcRn plays a 
possible role in regulating IgG transfer into milk in a special manner in which FcRn recycles 
IgG from the mammary gland into the blood. The FcRn is expressed in a broad range of 
tissues and shows different binding affinity to distinct isotypes of IgG and the correlation 
30 between serum half-life, materno-fetal transfer and affinity of different rat IgG isotypes for 
the mouse FcRn was recently demonstrated (10). 
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The present invention now provides the isolation of cDNAs encoding ruminant 
homologues of the rat, mouse and human IgG transporting Fc receptor, FcRn, in particular 
such receptors in the cow, dromedary and sheep, and their use in vectors containing the DNA 

5 molecules and hosts comprising the vectors. 
Short description of the invention 

The bovine cDNA, and deduced amino acid sequence, shows high similarity to the 
FcRn in other species and it consists of three extracellular domains, a hydrophobic 
transmembrane region, and a cytoplasmic tail. Aligning the known FcRn sequences, we noted 

10 that the bovine protein shows a three amino acid deletion compared to the rat and mouse 

sequences in the al loop. The presence of bFcRn transcripts in multiple tissues, including the 
mammary gland, suggests their involvement both in IgG catabolism and transcytosis. In 
addition, the cDNA of the full length coding region plus part of the 3' -end untranslated 
region, and deduced amino acid sequence, of sheep, and the cDNA of dromedary missing the 

15 first 301 nucleotides of the cDNA compare to the bovine cDNA sequence, and the deduced 
amino acid sequence missing the first 62 amino acids, compared to the bovine and sheep 

sequences, are disclosed. 

Overexpression of ruminant FcRn through transient or persistent transgenesis using 

the FcRn a -chain DNA molecules according to the invention will, either alone or by 
20 concomitant upregulation of the expression of the corresponding p2-microglobulin gene, 
result in an increase in the number of functional receptors in the udder and thus enhance the 
transport of immunoglobulins and/or proteins fused to immunoglobulin y -chains or FcRn 
interacting parts thereof containing the constant region of the heavy chain of IgG. Thus, not 
only will antibodies acquired through natural exposure or deliberate vaccination be 
25 transported more effectively into the colostrum/milk, but proteins tagged with the y -chain 
(i.e. proteins where the encoding gene of interest has been linked to sequences 
encoding part or the whole heavy chain constant region gene for IgG), will also be more 
effectively transported into the colostrum/milk of ruminants. The latter proteins may be 
produced by animals transiently (such as through, but not limited to DNA vaccination) or 
30 persistantly (such as through, but not limited to "conventional" transgenesis) expressing the 
gene construct. 

The FcRn transgenic ruminant animal will express the FcRn a -chain gene (with or 
without concomitant 02 microglobulin expression), and expression in the target organ can be 
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directed by introducing the transgene(s) directly into the udder or, through appropriate gene 
targeting in "conventional" transgenic animals, be expressed in the udder. 
Detailed description of the invention 

The present invention is in one aspect directed to an immunoglobulin G (IgG) 
5 transporting ruminant Fc receptor (FcRn) a-chain DNA molecule, wherein the ruminant is 
preferably selected from the group consisting of cow, dromedary and sheep. In particular, the 
DNA molecule comprises a nucleotide sequence selected from the group consisting of SEQ 
ID NO: 1, SEQ ID NO: 2 , SEQ ID NO: 3, and modified sequences of these three sequences 
expressing proteins with IgG transporting function. 
10 It should be understood that the DNA molecule of the invention can be isolated and 

purified from biological (ruminant) sources or can be produced by genetic engineering. 

* The term " modified sequences of these three sequences expressing proteins with 
IgG transporting function" is used in the specification and claims to cover sequences that are 
truncated and sequences that have nucleotide mismatches, but still express proteins with IgG 
1 5 transporting function. 

Another aspect of the invention is directed to a protein expressed by a ruminant FcRn 
a-chain DNA molecule, wherein the ruminant is preferably selected from the group 
consisting of cow, dromedary and sheep. In particular, the protein comprises an amino acid 
sequence selected from the group consisting of SEQ ID NO: 4, SEQ ID NO: 5 , SEQ ID NO: 
20 6, and modified sequences of these three sequences with IgG transporting function. 

It should be understood that the DNA molecule of the invention can be isolated and 
purified from biological (ruminant) sources or can be produced by genetic engineering. 

The term "modified sequences of these three sequences with IgG transporting 
function" is used in the specification and claims to cover sequences that are truncated and 
25 sequences that have amino acid mismatches, but still express proteins with IgG transporting 
function. 

Yet another aspect of the invention is directed to a vector containing a ruminant IgG 
transporting FcRn a-chain DNA molecule according to the invention. Examples of vectors 
are plasmids and phages. 
30 Still another aspect of the invention directed to a host transformed with a vector 

according to the invention. Examples of hosts are bacteria, yeasts, and ruminants, such as 
cows, camels, e.g. dromedaries, and sheep. 
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The ruminant FcRn a-chain DNA molecules of the invention and the proteins the 
invention may be used as tools in research work, and in the production of vectors of the 
invention. 

The vectors of the invention may be used for the production of a transgenic ruminant 
5 animal or a local transgenic ruminant mother (i.e. injection into the udder). 

Thus, an additional aspect of the invention is directed to a method of producing 
colostrums or milk with enhanced levels of immunoglobulins or proteins fused to 
immunoglobulin y -chains or FcRn interacting parts thereof , comprising the steps of 
transferring a ruminant FcRn a-chain DNA molecule according to the invention through 
10 transient or persistent transgenesis into the corresponding ruminant animal for overexpression 
of a protein according to the invention, optionally at concomitant upregulation of the 
expression of the corresponding (^-microglobulin gene, to increase the number of functional 
receptors in the udder, thereby enhancing the transport of immunoglobulins and/or proteins 
fused to immunoglobulin y -chains or FcRn interacting parts thereof from, or through, the 

1 5 udder into the colostrums or milk. 

Examples of proteins that can be suitably produced in the milk as fusion proteins are 
coagulation products, such as Factor VIII, and proteins used in medicines and food. 

The invention will now be further illustrated with reference to the description of 
drawings, experiments, and sequence listing, but the scope of protection is not intended to be 
20 limited to the disclosed embodiments of the invention. 

The invention is illustrated in detail with regard to the bovine (cow) FcRn gene as a 
representative example of a ruminant FcRn gene, but the cDNA sequence of sheep and a 
partial cDNA sequence of dromedary, and the corresponding deduced amino acid sequences, 
are also disclosed in the sequence listing. The FcRn genes of sheep and dromedary have been 
25 produced by use of the same principal as used for obtaining the bovine FcRn gene. In 
particular, the same or similar primers have been used to amplify the FcRn alpha-chain 
encoding gene in sheep and dromedary. 
Description of the drawings 

Figure 1. The nucleotide sequence and deduced amino acid sequence of two forms of 
30 bovine FcRn a-chain. The potential ATG start is marked by bold characters, while the 

segment that refers to the consensus initiation site is underlined; shaded numbers in this motif 
represents important residues (-3 - A; +4 - C) of the translation signal. The predicted NH 2 - 
terminal after signal peptide cleavage is indicated by +1 under Ala. The hydrophobic 
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membrane-spanning segment is marked by italic characters while the polyadenylation signal 
AATAAA in the 3' -UT is underlined. 

The sequence data have been submitted to the NCBI Nucleotide Sequence Databases 
under the accession number: AF139106. 

5 Figure 2. Domain by domain alignment of the predicted amino acid sequences for rat, 

mouse, bovine and human FcRn ct-chains. The N-linked glycosylation site, which is found in 
all the sequences is indicated by a filled triangle, while empty triangles indicate additional 
sites in the rat and the mouse sequences. Dashed underline indicates residues that potentially 
interact with the Fc. The gray bar indicates the hydrophobic transmembrane region, and the 

10 asterisk represents the stop signal in the bovine sequences. Residues in an empty box 
following the stop signal shows the conserved carboxyl-end of the bovine cytoplasmic 
domain. Consensus residues are assigned based on the number of occurrences of the character 
in the column, emphasizing the degree of conservation. The higher the conservation in a 
column the darker the background of the character. (Nicholas, K.B. and Nicholas, H.B. Jr. 

15 1997. GeneDoc: a tool for editing and annotating multiple sequence alignments) 

Figure 3. Scheme depicting a partial genomic DNA sequence of the bovine FcRn, 
which was PCR cloned applying the B7 (SEQ ID NO: 15) and B8 (SEQ ID NO: 16) primers. 
Capital letters indicate exons verified by cDNA sequence data. Exons and introns are 
numbered based on the genomic structure of the mouse FcRn (19). Diagonal breaks are added 

20 where segments of the sequence have been deleted for reasons of space. The dotted line 

indicates the splice acceptor site of intron 5, which carries the conserved AG dinucleotide but 
lacks the proper polypyrimidine tract, while the consensus splice acceptor site of intron 6 is 
highlighted by a dashed line. The splice acceptor site of intron 5 of mouse FcRn is in 
parenthesis under the bovine sequence indicating similarities between the two segments. 

25 Underlined letters in the mouse sequence indicate homology to the bovine splice acceptor site 
of intron 5 of the bovine gene. 

Figure 4. Tissue distribution of the two forms of bovine FcRn a-chain transcripts. A 
Northern blot analysis of a 1 .6-kb transcript in 10 ^ig RNA from mammary gland (M), parotis 
(P), liver (L), jejunum (J), kidney (K), spleen (S) and from MDBK cell line (C) detected using 

30 a 32P-labeled probe from the bFcRn transmembrane-cytoplasmic region. B RT-PCR analysis 
of the exon 6 deleted form of bFcRn transcript. Targeted PCR for exon 6 deleted cDNA 
amplification using Bl 1/B12 primers ( SEQ ID NO: 18 and 20, respectively). 
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Figure 5. Functional expression of FcRn of different species in transfected cell lines. 
hFcRn/293 represents hFcRn transfected 293 cell line (7), 293 represents untransfected cells, 
Bl represents bFcRn transfected rat IMCD cell lines, IMCD represents untransfected cells, 
rFcRn/IMCD represents rFcRn transfected IMCD cell line (14). Western blots of total cellular 
5 protein (10 (ig per lane) by using affinity purified rabbit antisera raised against amino acids 
1 73 - 1 87 (bovine residues) of the a2-ct3 domains. 

Figure 6. Bovine- l25 I-IgG binding by bFcRn transfected IMCD cell line. Assay were 
done at 37°C with (filled columns) and without (open columns) competing unlabeled bovine 
IgG, at pH 6.0 or 8.0. Each column represents the mean cell-associated radioactivity in three 
1 0 replicates; bars show the standard error of the mean. 
Description of experiments 
Materials and Methods 
Cloning of a bFcRn cDNA fragment 

RT-PCR - A bovine FcRn cDNA fragment was first cloned using reverse 
1 5 transcription-PCR (RT-PCR). Total RNA isolated from liver by TRIzol Reagent (Life 

Technologies, Inc., Gaithersburg, MD) was reverse transcribed using a First-Strand cDNA 
Synthesis Kit (Pharmacia Biotech, Sweden). A segment spanning the al, a2 and a3 domains 
was amplified by polymerase chain reaction using two degenerate primers (B3: 5'- 
CGCAGCARTAYCTGASCTAC AA-3 ' (SEQ ID NO: 7); B2: S'-GATTCCSACCACRR- 
20 GCAC-3'(SEQ ED NO: 8)) which were designed based on the sequence homology of the 
published rat, mouse and human FcRn sequences (3, 5, 7). 
Southern blot hybridization 

The amplified cDNA was size fractionated on a 1-% agarose gel, blotted on a 

Hybond-N nylon membrane (Amersham, Arlington Heights, IL) and hybridized with a 32 P- 
25 labeled human FcRn cDNA probe. This probe was generated by RT-PCR from placental 

RNA using primers (HUFC2: 5 '-CCTGCTGGGCTGTGAACTG-3 '(SEQ ID NO: 9); 

HUFC3: 5'-ACGGAGGACTTGGCTGGAG-3 '(SEQ ED NO: 10)) and encompassed a 549 bp 

fragment containing the <x2, a3 and transmembrane regions (7). Blots containing the 

fractionated PCR amplified product of bovine cDNA was hybridized in SxDenhardt's 
30 solution, 5xSSC, 0.1% SDS, 100 |ig/ml salmon sperm DNA at 60°C for 6 hours and then 

washed in 2xSSC, 0.5% SDS for 2x15 min at room temperature, followed by a wash in 

O.lxSSC, 0.1% SDS in 15 min at 60°C. 
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Cloning and sequencing 

Based on the expected size and Southern blot verification, the proper Taq polymerase 
generated fragment was cloned into the pGEM-T vector (Promega Corp., Madison, WI). In 
general, preliminary sequencing was done by fmol DNA Sequencing System (Promega Corp., 
5 Madison, WA) in the laboratory, while TaqFS dye terminator cycle sequencing was ^ 
performed by an automated fluorescent sequencer (AB1, 373A-Stretch, Perkin Elmer) in the 
Cybergene company (Huddinge Sweden) to achieve the final sequence data. 

Cloning of the full length of bFcRn cDNA 

To obtain the full length of bovine FcRn cDNA we used rapid amplification of the 
10 cDNA ends (RACE) technique (1 1) to isolate and clone the unknown 5'- and 3'-ends. 
3'-RACE - 5 |xg of total RNA was reverse-transcribed by using Superscript II (Life 
Technologies, Inc., Gaithersburg, MD) with the (dT) 1 7-adapter primer (5'- 
GACTCGAGTCGACATCGA(T) 17 -3'(SEQ ID NO: 1 l)[used also for dromedary FcRn]). The 
resultant cDNA was then subjected to 3'RACE-PCR amplification using the adapter primer 
15 (5 '-GACTCGAGTCGACATCG-3 '(SEQ ID NO: 12) [used also for dromedary FcRn]) and a 
bFcRn specific primer (B3 (SEQ ID NO: 7)). 

5'-RACE - The remaining 5 '-end portion of the bovine FcRn was isolated using the 5' RACE 
System for Rapid Amplification of cDNA Ends, Version 2.0 (Life Technologies, Inc., 
Gaithersburg, MD). Briefly, total RNA was reverse transcribed using an FcRn-specific 

20 oligonucleotide (B4: 5'-GGCTCCTTCCACTCCAGGTT-3'(SEQ ID NO: 13)). After first 

strand synthesis, the original mRNA template was removed by treatment with the RNase mix. 
Unincorporated dNTPs, primer and proteins were separated from cDNA using a 
GlassMax Spin Cartridge. A homopolymeric tail was then added to the 3 '-end of the cDNA 
using TdT and dCTP. PCR amplification was accomplished using Taq polymerase, a nested 

25 FcRn-specific primer (B5: 5 '-CTGCTGCGTCCACTTGATA-3 5 (SEQ ID NO: 14)) and a 
deoxyinosine-containing anchor primer. The amplified cDNA segments were analyzed by 
Southern blot analysis, cloned and sequenced as described above. 
Cloning of a bFcRn genomic DNA fragment 

Bovine genomic DNA was purified from liver based on the method of Ausubel (12). 

30 To analyze exon-intron boundaries of the a3 -transmembrane-cytoplasmic region we PCR 

amplified a genomic DNA fragment using the B7 (5 9 -GGCGACGAGCACCACTAC-3XSEQ 
ID NO: 15)) and B8 (5 '-GATTCCCGGAGGTC WCACA-3 ' (SEQ ID NO: 16)) primers. The 
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amplified DNA was then ligated into the pGEM-T vector (Promega Corp., Madison, WI) and 
sequenced as described above. 
Tissue distribution 
Northern hybridization 

5 Different bovine tissue samples (mammary gland, parotis, liver, jejunum, kidney and 

spleen) were collected at slaughter from a lactating Holstein-Fresian cow and frozen 
immediately in liquid nitrogen. Total cellular RNA purified from these tissues and from the 
MDBK cell line (TRIzol Reagent, Life Technologies, Inc., Gaithersburg, MD) (lO^g/lane) 
was run on a denaturing agarose gel and transferred to a positively charged nylon membrane 

32 

10 (Boehringer Mannheim GmbH, Germany). The blots were hybridized with a P-labeled 

probe, which was generated by Prime-A-Gene kit (Promega Corp., Madison, WI), containing 
the B7-B8 (SEQ ID NO: 15 - SEQ ID NO: 16) generated cDNA of the bFcRn. The final 

wash was O.lx SSC, 0.1% SDS at 60°C. 
Expression and binding assay 

15. The full length of bFcRn cDNA was amplified by B 1 0 (5 '-CTGGGGCCGC AGA- 

GGG AAGG-3 ' (SEQ ID NO: 1 7) [used also for sheep FcRn gene]) and B 1 1 (5 
GAGGCAGATCACAGGAGGAGAAAT-3 '(SEQ ID NO: 18) [used also for sheep FcRn 
gene]). This segment was then cloned into the pCI-neo eucaryotic expression vector (Promega 
Corp., Madison, WI). 10 ug DNA was transfected into one 10 cm plate of IMCD cells using a 

20 CaP0 4 method (13). Cells were diluted and placed under G418 selection. Individual G418- 
resistant colonies were expanded for binding assays. The presence of the bovine FcRn in 
these cells was confirmed by Western blots. 

Bovine IgG (Chemicon International, Temecula, CA) was labeled with Na 125 I to a 
specific activity of - 0.5 Ci/p.mol using Iodogen (Pierce, Rockford, IL). pH dependent Fc 

25 binding and uptake was analyzed according to the protocol of Story et al. (7). Briefly, cells 

125 

expressing the bovine FcRn were first washed with DMEM, pH6 or 7.5. Then, bovine- I- 
IgG in DMEM, pH 6.0 or 7.5 with or without unlabeled bovine IgG was added. The cells 
were allowed to bind and take up IgG for 2 hours at 37°C then unbound ligand was removed 
with washes of chilled PBS, pH 6.0 or 7.5. Bound radioligand was measured in a gamma 
30 counter. 

Western blot 

A clone (Bl) of IMCD cells transfected with cDNA encoding the bovine FcRn alpha 
chain, IMCD cells transfected with cDNA encoding the rat FcRn alpha chain (14), 
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untransfected IMCD cells, 293 cells transfected with cDNA encoding the human FcRn alpha 
chain (7) and untransfected 293 cells were extracted in 5% SDS. Protein extracts were 
resolved on gradient polyacrylamide denaturing Tris-glycine gels (Novex, San Diego, CA, 
USA) and transferred onto PVDF (Novex). Blots were probed with affinity-purified anti- 
5 FcRn peptide antibody, a rabbit antiserum against the peptide LEWKEPPSMRLKARP (SEQ 
ID NO: 19) representing amino acids 173-187 (bovine residues) of the a2-a3 domains (14) 
and bound antibody was detected with horse-radish peroxidase-conjugated goat anti-rabbit 
antibody and enhanced chemiluminescence (Renaissance Chemiluminescence Reagent; NEN 
Life Science Products Inc., Boston, MA, USA). 

1 0 Bio-computing 

Sequence comparison was completed by using the BLAST programs (15). 
Sequence pair distances - of bovine FcRn compare to other published FcRn sequences, was 
analysed by Megalign, Lasergene Biocomputing Software for the Macintosh (DNASTAR 
Inc., Madison, WI) using the J. Hein method (16) with PAM250 residue weight table. 

1 5 Results 

Isolation of the bovine FcRn cDNA 

To isolate a fragment of the bovine FcRn, we first synthesized cDNA from the RNA 
isolated from bovine liver, as this tissue was previously demonstrated to express FcRn in 
other species (6,7). PCR amplification with two degenerate primers (B3 and B2 ; SEQ ED 

20 NO: 7 and 8, respectively) yielded a DNA fragment of about 750 bp. The degenerate primers 
were designed based on two conserved segments of rat (3), mouse (5) and human FcRn (7) 
sequences. Based on its expected size and the Southern blot verification with a cloned human 
FcRn fragment, this amplified DNA was ligated into a pGEM-T vector and one of the clones 
(clone 15/3) was completely sequenced. The data were compared to other GenBank 

25 sequences using the BLAST programs, and showed high homology to the human, rat and 

mouse FcRn cDNA. The insert of clone 15/3 started in the middle of the al domain (exon 3) 
and ended in the transmembrane region (exon 6). 

We then performed 3 '-RACE, using B3 (SEQ ID NO: 7)and the adapter primer which 
generated a DNA fragment of -1.3 kbp. Several of the clones obtained were completely 

30 sequenced. One of these (clone 4), started in the middle of the al domain (exon 3) and ended 
with a 38-bp long poly(A) tail. The insert contained a segment of the a 1, the full length of the 
a2, a3 domains, the transmembrane (TM) domain, the cytoplasmic (CYT) domain and ended 
with the 3'-untranslated (3'-UT) region. The total length of the insert was 1304 bp excluding 
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• the poly(A)-tail. Another clone (clone 1 ) revealed complete sequence homology to clone 4 but 
showed a 1 17 bp long deletion between the a3 domain and the cytoplasmic region. The total 

* 

length of the insert was 1 1 87 bp excluding the poly(A) tail 

The 5' portion of the bovine FcRn was obtained by applying a 5 '-RACE technique. The 
5 amplification, in which we used B5 (SEQ ID NO: 14) and the adapter primers, produced a 
-600 bp DNA fragment, which then was ligated into the pGEM-T vector and one of the 
clones (clone 5) was sequenced. The insert of clone 5 contained 567 bp, which included the 
missing ccl, signal, and 5 '-untranslated (5'-UT) regions. Clones 5 and clone 4 had an overlap 
of 335 bp and therefore, it was possible to obtain a composite DNA sequence of 1582 bp, 

1 0 encompassing the entire region of the bovine FcRn cDNA (Figure 1). 
Characterization of bovine FcRn cDNA 

The sequenced and merged clones from 5 '-RACE and 3 '-RACE included a 1 16 bp 
long 5 '-untranslated region followed by an ATG initiation codon. This motif is flanked by 
nucleotides which are important in the translational control in the Kozak consensus, 

1 5 CC A / G CC AUGG, the most important residues being the purine in position -3 and a G 
nucleotide in position +4 (17). The bovine FcRn cDNA shows TCAGG ATG C which is 
different from the optimal Kozak sequence. Although, bFcRn shows a purine base in position 
-3 we found C instead of G in position +4 in all the clones we have sequenced from this 
animal (Figure 1). To exclude the possibility of a Taq error during RT-PCR, we checked this 

20 motif from two other animals, and found the same sequence. 

The initiation codon was followed by a 1 180 bp or a 1063 bp long open reading frame 
in case of the full-length or the exon 6-deleted form, respectively. The exon-coded segment 
was followed by a 392-bp long 3 '-untranslated sequence including a conserved 
polyadenylation signal. 

25 Figure 2. shows the deduced amino acid sequence of the bovine FcRn (SEQ ID NO: 

4) as compared to those of the human, rat and mouse. Previous studies indicate that the 
structure of the characterized FcRn molecules, resembles that of the MHC class-I a-chain 
(3,18). The full length transcript of the bovine FcRn a-chain we isolated, is also composed of 
three extracellular domains (al-a2-a3), a transmembrane region and a cytoplasmic tail. An 

30 exon 6-deleted transcript, though, lacks the putative transmembrane region. Except for this 
missing domain, the two molecules are identical at the DNA as well as at the protein level 
(Figure 1). 
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Comparing the deduced bFcRn amino acid sequence (SEQ ID NO: 4) to its human, rat 
and mouse counterparts, we found the highest overall similarity to the human FcRn 

(Table 1). Among the extracellular domains, ot3-chain turned to be the most conserved, while 
the cytoplasmic tail reflected the highest dissimilarity. 

5 

Table 1. Sequence pair distances (in percent similarity) of bovine FcRn compared to 
published FcRn sequences, using the J. Hein method with PAM250 residue weight table 





al 


a2 


a3 


TM 


CYT 


Total 


Human 


75.6 


74.4 


85.6 


74.4 


61.5 


77.1 


Mouse 


61.6 


66.7 


78.9 


66.7 


46.2 


65.9 


Rat 


59.3 


68.9 


78.9 


66.7 


46.2 


65.4 



The high similarity of the bovine FcRn as compared to the human FcRn was further 
10 emphasized by analysing the end of the al domain. This segment, which forms a loop in the 
vicinity of the IgG binding site, shows a 3 or a 2 amino acid residue deletion, in the bovine 
and the human molecules respectively, compared to the rat and mouse sequences. Another 
common feature in these two molecules is that they show only one potential N-Iinked 
glycosylation site at amino acid residue 124, based on the bovine FcRn numbering system, 
15 compared to the rat or mouse counterparts where there are 3 additional sites (a 1 -domain: 
position 109; cc2-domain: position 150; a3-domain: position 247 based on the rat FcRn 
numbering system). 

In contrast to the known FcRn sequences, we found an unusually short cytoplasmic 
tail in the bFcRn where this segment is composed of 30 rather than 40 amino acid residues as 
20 in all other FcRn molecules so far analyzed. Despite its shortness, the cytoplasmic tail of the 
bFcRn shows the di-leucine motif (aa: 319-320) which was previously identified as a critical 
signal for endocytosis but not for basolateral sorting, although, similar to the human molecule, 
it lacks the casein kinase II (CKII) phosphorylation site, which is found in the rat FcRn 
upstream of the di-leucine motif. 

25 Interestingly, the nucleotides which follow the stop signal represent codons for similar 

amino acid residues which are found at the 3' end of the human, rat and mouse molecules 
(Figure 2, residues in rectangle in the bovine sequence), although it lacks the stop signal at 
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the end of this segment which is shared in the other FcRns. Finding this sequence in all the 
clones we have analyzed and the lack of the common stop signal in the expected conserved 
position, exclude the possibility of a Taq error due to the 3' -RACE (RT-PCR) process and 
suggests that a mutation has occurred in this part of the gene. 

5 Genomic DNA segment of bFcRn 

The two different transcripts of the bFcRn were compared to the published mouse 
genomic sequence (19). Analysis of the mouse exon-intron boundaries around a3-TM-CYT 
domains suggested that exon 6 is completely eliminated from the bovine transcript 
representing clone 1. To verify this hypothesis, we cloned the genomic segment of the region 

10 of interest which contained part of exon 5, exon 6 and a short fragment of exon 7 and the two 
introns (intron 5 and intron 6). The B7/B8 (SEQ ID NO: 15/16) amplified DNA was then 
cloned and sequenced. The nucleotide sequences surrounding the exon-intron boundaries 
revealed that the bovine splicing sites agree with their mouse counterparts (Figure 3). 
Analyzing the 5' splice site (donor site) and the 3' splice site (acceptor site) of intron 5 and 

15 intron 6, we found that intron 5 has a conserved splice donor site (GT) while its 3' splice site 
differs from the consensus splice acceptor sequence, which is composed of a polypyrimidine 
tract (PPyT) followed by an AG dinucleotide. Although the acceptor site of intron 5 has the 
conserved AG dinucleotide it lacks the conserved polypyrimidine tract. This non-conserved 
splice acceptor site of intron 5 shows similarity to the same gene segment of the mouse FcRn 

20 since it shows only 4 differences from the 15 nucleotides preceding the AG dinucleotide motif 
(Figure 3). Despite this similarity, though, there is a 14 nt long conserved PPyT in the mouse 
intron, followed by 24 nt and then the AG dinucleotide (19). A similar sequence was not 
detected at the 3' end of the bovine intron 5 (5' . . .ctgtctggat ctctggtgga ggactcgacc ccatccctgt 
cctgactcag atctgcgagg cccttaaata tctcacaaca ttgtctgact gcagAATCACCAGCC), whereas the 

25 splice donor and splice acceptor sites of intron 6 shows conserved boundary sequences. 
Tissue distribution of the two forms of bovine FcRn cc-chain transcript 

We then examined the tissue distribution of the two forms of the bFcRn a chain 
mRNA by using Northern blots and RT-PCR. Based on the Northern blot analyses, a 1 .6-kb 
transcript was present in RNA from mammary gland, liver, jejunum, kidney, and spleen from 

30 a normal lactating Holstein Friesian cow and the MDBK cell line (Figure 4.A) at different 
levels of expression, whereas we did not find expression in parotis. The signal could not 
represent cross-hybridization with class-I MHC mRNA since it was detected with a probe 
from the transmembrane-cytoplasmic- 3'-UT region, which is dissimilar from the class I 
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sequences. Although, this probe is able to detect both forms of the bFcRn, we were unable to 
detect the shorter transmembrane-exon-deleted form, probably because of its low expression 
level or due to the low resolution of the gel electrophoresis. 

In order to analyze the expression of the alternatively spliced - exon 6-deleted - 
5 transcript in tissues listed above, we performed a targeted PCR amplification (20) in which 
we used primer B 1 1 (SEQ ID NO: 18) and B 12 (SEQ ID NO.20). B12 corresponds to the 5' 
boundary conserved region of exon 5 juxtaposed with two conserved nucleotides in 3' 
boundary region of exon 7. This amplification detected exon 6-deleted transcripts in all 
tissues tested (Figure 4.B). 

1 0 Expression and IgG binding of bovine FcRn a chain in transfected cells 

FcRn tranfected cell lines were assessed by Western blot using rabbit antipeptide 
antisera raised against an epitope of human FcRn heavy chain (amino acids 174-188). Since 
this epitope is common in the human, in the rat and in the bovine FcRn molecules, we used 
this antibody to detect the expressed bovine FcRn, as well as its human and rat counterparts, 

15 as controls. We detected a -45 kDa band in the hFcRn transfected human embryonic kidney 
293 cell line, a -40 kDa band in the bFcRn transfected IMCD cell lines, and two bands (-50 
kDa, and -55 kDa) in the rFcRn transfected IMCD cell line. The 45 kDa and the 50 kDa, 55 
kDa bands detected of the human and rat FcRn transfected cells, are consistent with the 
known molecular weight of the human arid the rat FcRn a chains (6, 21), respectively. The 

20 lower band in the rat FcRn transfected IMCD cell line is the high mannose form of FcRn 
usually found in endoplasmic reticulum, whereas FcRn in the upper band contains complex- 
type oligosaccharide chains modified in the Golgi. There was no hybridization in the 
untransfected 293 and IMCD cells (Figure 5). 

The nearly 40 kDa band we detected in the bovine FcRn transfected IMCD cell line 

25 indicates that the cDNA we isolated as bovine FcRn is intact and can be fully translated. The 
lower moleculer weight of the bovine FcRn compare to the human and rat molecules is 
probably due to its shorter cytoplasmic region and/or different glycosylation. 

To determine whether the bovine FcRn clone encoded an Fc receptor, we measured 
the binding of radiolabeled bovine IgG on the bFcRn transfected rat IMCD cell line (Bl). 

30 Cells that expressed bFcRn bound IgG specifically at pH6.0 but not at pH7.5; untransfected 
cells showed little or no specific binding at either pH (Figure 6). A similar pH dependence of 
binding has previously been observed for human (7) and rat FcRn (22). 
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Summary of results 

The predominance of IgGl in lacteal fluid, intestinal secretions, respiratory fluid and 
lacrimal fluid supports the concept of a special role for IgGl in mucosal immunity in cattle. 
The higher ratio of IgGl :IgG2 in these secretions when compared to serum could represent a 
5 combination of selective IgGl transport and local synthesis. Immunoglobulin transmission 
through the mammary epithelial cells is by far the most studied, since in the cow, maternal 
immunity is exclusively mediated by colostral immunoglobulins. The receptor responsible for 

■ 

the IgG transport has not been identified prior to the present invention, although previous 
studies have indicated that specific binding sites exist on bovine mammary epithelial cells 
1 0 near parturition which are presumably involved in the transfer of IgGl . We have now isolated 
and characterized a cDNA encoding a bovine homologue of the human, rat and mouse IgG 
transporting Fc receptor, FcRn. 
Sequence analysis 

Extracellular backbone and the FcRn/Fc interaction site 
1 5 The bovine cDNA and its deduced amino acid sequence were similar to the rat, mouse 

and human FcRns (Figure 2) (3, 5, 7). Among these sequences, the bovine a chain shows the 

highest overall similarity to its human counterpart (Table 1). 

Based on the crystal structure of a 2:1 complex of FcRn and the Fc fragment of rat 

IgG (18) the approximate binding region on each molecule could be localized. The first 
20 contact zone of the heavy chain of the rat FcRn molecule can be found at the end of the al 

domain involving residues 84-86, and 90. The second contact zone involves residues 113-1 19, 

while the third contact zone encompasses residues 131-137, both segments are part of the a2 

domain. 

The close relationship between the human and bovine FcRn molecules was further 
25 emphasized by analyzing the end of the al domain, which was suspected to form the first 
contact zone in the rat FcRn/Fc interaction. Both the bovine and human FcRns are three and 
two amino acid residues shorter, respectively, compared to their rodent counterparts. It is 
interesting that these deletions eliminate an N-linked glycosylation site found in their rat and 
mouse counterparts and which is ubiquitous in MHC class-I proteins. 
30 The second contact zone, which is part of the ct2 domain, is well conserved, 

emphasizing its importance in IgG binding. Another difference of the bovine FcRn compared 
to the rat molecule is a radical amino acid substitution at the third contact zone (aa: 134-Arg) 
in the al domain. These observations suggest critical importance of the second and third 
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contact zones, while those residues that make up the first contact zone are probably less 
crucial in the IgG/FcRn interaction in the cow and also in humans, further supporting the 
conclusion of Vaughn et al. (24) who applied site directed mutagenesis to analyze the role of 
the predicted contact residues of the rat FcRn. They found that replacement of residues 84-86 
5 of the al domain, which was thought to be the first contact zone, did not significantly alter 
binding affinity. 

We found that the critical residues of the ct3 domains (aa: 216L, 242K, 248H, 249H), 
which also influence the FcRn/Fc interaction are conserved among the different species thus 
far analyzed. The bFcRn, similarly to its human counterpart, has an absence of the N-linked 

1 0 glycosylation site in the a3 domain, which is of interest, since for rat FcRn this has been 
suggested to mediate FcRn dimerization via a carbohydrate handshake (22). 

In this context one might predict that in the cow, the mammary epithelial cells are able 
to carry IgG via FcRn mediated transcytosis from the blood into their secretory fluid, 
although none of the studies indicated pH dependent IgG binding, which we found in 

1 5 analyzing IgG binding to the bovine FcRn (Figure 6). 

In summary, our data indicate that the FcRn transcripts are expressed in different 
tissues, including the mammary gland, in cattle, and strengthens their suggested involvement 
in IgG catabolism and transcytosis (for review see Junghans, 1997 (23)). It will be of interest 
to investigate the bFcRn binding affinity or the transport efficiency mediated by this receptor 

20 of the bovine IgG subclasses. Analyses of the localization and the expressional level of the 
bFcRn in the mammary gland at different times during the lactation period may also help to 
clarify its function in the transport of IgG into the colostrum. 
Production of proteins fused to immunoglobulin y- chains 

Examples of techniques of producing proteins fused to immunoglobulin y- chains are 

25 described in a number of publications (e.g. 24 - 35) and will therefore not be described 
herein. 

Production of transgenic ruminants 

Examples of techniques of producing transgenic animals are disclosed in many prior 
art publications (e.g. transgenic sheep (36-52) and transgenic cows (53- 67)) and will not be 
3 0 described herein. 

However, the teachings of all references cited in the present specification are hereby 
included by reference. 
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Claims 

1. Immunoglobulin G (IgG) transporting ruminant Fc receptor (FcRn) ot-chain DNA 
molecule. 

2. IgG transporting ruminant FcRn a-chain DNA molecule according to claim 1 , wherein 
the ruminant is selected from the group consisting of cow, dromedary and sheep. 

3. IgG transporting ruminant FcRn a-chain DNA molecule according to claim 2, wherein 
the DNA molecule has a nucleotide sequence selected from the group consisting of 
SEQ ID NO: 1, SEQ ID NO: 2 , SEQ ID NO: 3, and modified sequences of these three 
sequences expressing proteins with IgG transporting function. 

4. Protein expressed by a ruminant FcRn a-chain DNA molecule. 

5. Protein according to claim 4, wherein the ruminant is selected from the group 
consisting of cow, dromedary and sheep. 

6. Protein according to claim 5, wherein the protein has an amino acid sequence selected 
from the group consisting of SEQ ID NO: 4, SEQ ID NO: 5 , SEQ ID NO: 6, and 
modified sequences of these three sequences with IgG transporting function. 

7. Vector containing a ruminant IgG transporting FcRn a-chain DNA molecule 
according to any one of claims 1-3. 

8. Host transformed with a vector according to claim 7. 

9. Method of producing colostrums or milk with enhanced levels of immunoglobulins or 
proteins fused to immunoglobulin y -chains or FcRn interacting parts thereof , 
comprising the steps of transferring a ruminant FcRn a-chain DNA molecule 
according to any one of claims 1 -3 through transient or persistent transgenesis into 
the corresponding ruminant animal for overexpression of a protein according to any 
one of claims 4-6, optionally at concomitant upregulation of the expression of the 
corresponding p2-microgiobulin gene, to increase the number of functional receptors 
in the udder, thereby enhancing the transport of immunoglobulins and/or proteins 
fused to immunoglobulin y -chains or FcRn interacting parts thereof from, or through, 
the udder into the colostrums or milk. 
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Figure 1. 



Exonl -3'-UT 



^AGAGCCGTCGTCTCTGGACAGGATGTGAGAGAGGAACTGGGGTCTCCAGTCACGGGAGCCGGCTGGGGCCGCAGAGGGAAGGGATCGCGGCTGCCAGTG 100 



Exon2 - leader 



AGTCTCCCACTCAGG \TGCGGCTTCCCCGGCCTCAGCCCTGGGGGCTCGGTCTGCTGCTCGTCCTCCTGCCTGGGGCGCTGAGC 3CAGAGAACTATCGCT 200 



Exon3 - al 



MRLPRPQPWGLGLLLVLLPGALSAENYRS 

-1 +1 



CGCTCC^GTACCACTTCACCGCCGTGTCGGCCCCCGCAGC^ 

LQYHFTAVSAPAAGTPAFWVSGWLGPQQYLSYN 



300 



TAATCTACGGGCGCAGGCTGAGCCCTACGGCGCGTGGGTCTGGGAAAGCCA 400 
NLRAQAEPYGAWVWESQVSWYWEKETMDLRNQE 



TLFLEALQALGEGP 



Exon4 - a2 



ACGCTCTTCCTCGAAGCGCTCCAAGCTTTAGGCGAAGGCCCC TTCACCATGCAGGGCCTGTTGGGCTGCGAGTTGGGCCCTGACAATGTCTCGGTGCCGG 500 



PTMQGLLGCELGPDNVSVPV 



TGGCCAAGTTTGCCCTGAACGGCGAGGAGTTCATGATGTTTGACCCCAAGCTGGGCATCTGGGATGGTGACTGGCCTGAGTCCCGGACTGTCA 600 
AKPALNGEEPMMFDPKLGIWDGDWPESRTVSIK 



GTGGACGCAGCAGCC^GAGGOSGTCAACAAGGAGAAGACCTTCCT^ 700 
WTQQPEAVNKEKTF LLYS CPHRLLGHLE RGRGN 



L E W K 



ExonS - a3 



CTGGAGTGGAAA 3AGCCACCCTCCATGCGCCTGAAGGCCCGACCCGGCAGTCCC^ 80 0 



EPPSMR LKARPGSPGFSVLTC SAPS PYPP E 



AGCTGAAGCTGCGCTTTCTGCGGAACGGGCTGGCCATTGGCTCTGG 900 
LKLRFLRNGLAIGSGEIDMGPNGDGSFYAWSSL 



CACAGTCAAGAGTGGCGACGAGCACCACTACCGCTGCGTGGTGCAGCACGC^ 1000 
TVKSGDEHHYRCVVQHAGLAQPLTVELE SPART 



Exon6 - TM 



TCGGTGCX^GTGGTGCk^ 1 1 0 0 

S V "p" V V G I V I G L F L L L T V A A G G A L L W R R M R K G L P A 



Exon7 - CYT 



CTjCCTTGGATCTCTTTCCGTGGGGAGGATGTAGGGGCCCTCCTGCC 1200 
PWISFRGEDVGALLPTPGLSKDGES End 



AACTGCCGATCATCCCCCATCCTGGCTGTTACCAGCTAATGTCCT 1300 

• • m « * * * • • 

GAAGGAGCCCGATGTCCTCCCTCTGGATTTCTCCTCCTGTGATCIX3 1400 

■ * * ■ ■ * ■ * ■ * 

GGGTTTGGGCCCGAATCX3TTGTGTTCTCATCGTTTCG 1500 



AGGCTAACTTGTTGCCATGGTGGAATTTGCCAACITTATATACCAAGTCATGTATTTTTAATGA ... 1590 



WO 01/57088 



2/6 



PCT/SE01/00202 



G\ G\ KD \> 
00 00 00 CO 



c\ o\ \d 

j— I rH t— I t— I 



G\ (J\ \> 
KD VD VX> KD 
CN CN (N CN 



^ ^ H 

^ ^ ro 
m ro ro ro 



IS JS r, HH "hH 

a or 




CO w 



^ j j j 



. l # • ■ 



CM 

CD 




Eh H CU CU 

a cd cd cd 

25 £ W « 

H hi ' « 

a m • • 

53 « • CD 

ta H CD CD 
SHOOED 

H h S S 

05 ^ o -s 

M hi >hl' 




w w w w 



)i£5ffi22 OE2SI 

^ a: as 



j J ^ hi 

P P P P 



SS«S5S11 2 1301 



H H 

3: ^ 

IS !S 
CO w 

> > 

o o 



« *i 

w w 

CO w 

> > 



< < < < 
cd cd cd cd 

lie 

Oj Cm Cm P-i 



p.vp^.w w 




H hi hi ^ 

>* >H >H >4 

O O O O* 

a a a a 

o o 0 a 

J j j j 

3: ^ 3: 3: 

CD CD CD CD 



H H ;;w w 




O CD CD O 



H H < Cm 




.Cm o^w w 

ihl M4 oi rui 
0i . Oi 32 
H * 

b 




w w w w 
hi hi hi hi 

a ss z s 



O Pi CD CD 



Pi Pi ct; oi 

CD CD CD CD 

PS Pi Oi Pi 

w w w w 

hi hi hi hi 

a: in w td 



hi hi hi hi 
oi oi oi oi 



Oi Ot Oi 
U U U CJ 
to CO W CO 




W W H 
W W X hi 



dl w w w 

^d, H<i 




cd §kw*w 
p w oi hi 

H*IH W <C 



w w w w 
a* a* Cm 



H M :P Q 
CO H P CD 



s ^ s ^ 



O CD CD CD 



o 

g g -p" p 



(i* tl4 IX) DL, 



H H hi 



w w 

w w 

CD CD 

5 53 

hi hi 



Ix, Ix, 

W H 

w w 

CD CD 

hi hi 

< < 

|X| (X| 




hi hi hi hi 



P P w w 



hi hi hi hi 

04 ci4 Oi 
0000 
< < < < 
hi hi hi hi 

CD CD CD CD 




w pa 
p p 

CD CD 



ffl ffi 

txj pq 

p p 

CD CD 



& PcJ'W CO 




M ixl H 
hi hi W CO 



CO W CO CO 



fcc^SKN^^g CO 



(±4 JXi |X| |Xj 

CO CO CO CO 

CD CD CD CD 

a p a a 



1*1% WiHI W 





fr( £h 2 

CO W P . VP 

u a m cd 

p> z 52; w a 




hi hi 

txl H 

Ixi Cxj 

CO CO 
Ix, 



hi hi 

W Ix) 

Ix, Ix, 

CO CO 

fx, [x, 



CO w 




CO 

s 



CJ CJ CJ U 

H H H H 

hi hi hi hi 

> > > > 

CO CO CO CO 



co w item* 

Kgarara 

CO W -04^04 

w w 

law 



CU Oi P4 Cm 

oi txi cc: 



hi hi hi hi 

01 oi oi oi 

2 2 2 2 
W W CO CO 
04 Cm CU Cm 
Pu Cm Cm Cm 
txl PO W 1x1 




CD CD 
CD CD 



Cm Cm Cm Cm 
hi hi hi hi 
hi hi hi hi 



Q > 




W^CO 



p a q 

O O CD O' 



r AKf *ii til 

tW. CO- OK 




hl-'hl^ 



hi hi hi hi 

.fcrli.fcrliihlJK 

CD CD CJ) CD 



hi hi 




Ixl W 



LL 



a c3 d c 

oi oi « oi 

u u o u 

Pm Cm Cm 



c§ {§ S S 
u u o u 

Pm fc* Pm 



oi c§ S c§ 

CJ O V CJ 
Ci, Ix, Dm Pm 



acq 

oi oi K 

u u o u 

Ct, Cxi Cm Pm 



a ht CJ 

oi oi <2 

CJ CJ o o 

[x, Pl, to Pm 



WO 01/57088 



PCT/SEO 1/00202 



3/6 



> 
U 
I 

c 
o 

3 



SO 

c 
o 



<C H 
O 

o _ 

H 5 

H 
U 

U ft 

H 
U 

cn I 

tJ I 
s I 

u I 

u 

° I 

o I 

u 1 



CO 

2 

3 

O) 
■ ■■ 

LL 



2 
H 

I 

so 
e 
o 
x 



NX 



V) 

s 
o 



l 

in 
e 
o 

4> 



cn 






tn 






m 






u 






m 






cn 






cn 






tn 












tn 












cn 






O 


< 










u 






o 






CD 






H 






o 






o 






o 






O 
\» 


CD 
















u 






u 






< 






u 








w 




1 










: cn 


ftf 




• <d 


u 






cn 




; tn 






; 4J 


V 




1 0 






1 cn 


cn 




cn 


4J 






U 




u 


4-» 






01 




: 4J 


4J 






4J 




! U 


«J 




: to 


u 










rt 


\ 












u 






u 












u 




i 


u 










© 


u 




IQ 


u 










O 


cn 






tn 






d 






tn 






4J 






cn 






O 






O 






H 






a 






o 






< 






o 


w 




o 






H 






O > 





WO 01/57088 



4/6 
Figure 4. 



MP L J K S C 




1M P L J K S C + 

B ~ 



10 \xg RNA/lane 



-1600 bp 
FcRn mRNA 



bFcRn exon6- 
deleted transcript 



WO 01/57088 



5/6 



PCT/SE01/00202 



Figure 5. 
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SEQUENCE LISTING 

<110> Hammarstrdm, Lennart 
Kac s kovi c s , I mre 

<120> Ruminant MHC Class I -Like Fc Receptor 

<130> 110027501 

<140> 
<14-1> 

<150> 60/180130 US 
<151> 2000-02-03 

<160> 20 

<170> Patentln Ver. 2.1 

<210> 1 
<211> 1587 
<212> DNA 
<213> Bos sp. 

<400> 1 

aagagccgtc gtctctggac aggatgtgag agaggaactg gggtctccag tcacgggagc 60 
cggctggggc cgcagaggga agggatcgcg gctgccagtg agtctcccac tcaggatgcg 120 
gcttccccgg cctcagccct gggggctcgg tctgctgctc gtcctcctgc ctggggcgct 180 
gagcgcagag aactatcgct cgctccagta ccacttcacc gccgtgtcgg cccccgcagc 240 
ggggacccct gctttctggg tttcgggctg gctggggccc cagcagtacc tgagctacaa 3 00 
taatctacgg gcgcaggctg agccctacgg cgcgtgggtc tgggaaagcc aggtgtcctg 3 60 
gtattgggag aaagagacca tggatctgag gaaccaggag acgctcttcc tcgaagcgct 420 
ccaagcttta ggcgaaggcc ccttcaccat gcagggcctg ttgggctgcg agttgggccc 480 
tgacaatgtc tcggtgccgg tggccaagtt tgccctgaac ggcgaggagt tcatgatgtt 54 0 
tgaccccaag ctgggcatct gggatggtga ctggcctgag tcccggactg tcagtatcaa 600 
gtggacgcag cagccagagg cggtcaacaa ggagaagacc ttcctcctct actcctgccc 660 
acaccggctg ctggggcatc tggagagggg ccggggcaac ctggagtgga aagagccacc 72 0 
ctccatgcgc ctgaaggccc gacccggcag tcccggcttc tctgtgctca cctgcagcgc 780 
cttctccttc tacccacctg agctgaagct gcgctttctg cggaacgggc tggccattgg 840 
ctctggtgag atagacatgg gccccaacgg cgacggctcc ttctacgcct ggtcatcact 900 
cacagtcaag agtggcgacg agcaccacta ccgctgcgtg gtgcagcacg cggggctggc 960 
ccagcccctc acggtggagc tggaatcacc agccaggacc tcggtgccag tggtggggat 102 0 
cgtcatcggc ttattcctgc tcctgacagt ggctgcggga ggagctctcc tgtggagaag 1080 
gatgaggaag gggctgccag ctccttggat ctctttccgt ggggaggatg taggggccct 1140 
cctgcccact cccggcctgt ccaaggatgg tgaatcttag gataaaaatg cattcccagc 1200 
aactgccgat catcccccat cctggctgtt accagctaat gtcctcaggt ccttttcatg 1260 
ctgtgagacc tccgggaatc ctggtatttt tgagcctccg gaaggagccc gatgtcctcc 1320 
ctctggattt ctcctcctgt gatctgcctc agatccccct cctgatatat atggttcttt 1380 
tccagctcca catataacat gggtttgggc ccgaatcgtt gtgttctcat cgtttcgact 1440 
tttttaggga attgcgaggg gggataaatg gtgtaagcct tgggcttcaa atctctcctg 1500 
aggctaactt gttgccatgg tggaatttgc caactttata taccaagtca tgtattttta 1560 
atgaataaat ttcacaaata ttaaaaa 1587 



<210> 2 
<211> 1286 
<212> DNA 

<213> Camelus dromedarius 
<400> 2 

taacctgcgg gcccaggctg agccgtatgg ggcttgggtc tggggaagcc aggtgtcctg 60 
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gtactgggag aaagagacga ccgatctgag ggacaaggag aaactcttcc tcgaagctct 12 0 

caaagtcttc ggggacagag attcctacac cctgcagggc ctgctgggct gcgagttagg 18 0 

ccctgacaac gtctcagtgc ccatggccaa gtatgccctg aacggtgagg aattcatgga 240 

gttcgacccc aagctgggca tctgggatgg . ggactggcct gaggcccgga ccatcggtat 300 

caagtggatg aagcaccctg aggcggtcaa caaggagaag accttcctgc tctactcctg 360 

cccccaccgg ctgctggggc atctggagag gggccgtggc aacctggagt ggaaggagcc 42 0 

accctccatg cgcctgaagg cccgaccagg caacccgggc ttttccgtgc tcacctgcag 480 

tgccttctcc ttctacccac cggagctgca actgcgattc ctacggaatg ggctggcagc 540 

tggctctggt gagggcgacg ttgtccccaa cggcgatggc tccttctacg cctggtcatc 600 

actaacagtc aaaagcggtg acgagcacca gtaccgctgc tgggtgcagc acgtggggcc 660 

ggeccagccc ctcactgtgg agctggaatc accagccaag tcctcggtac cagtgattgg 72 0 

aatctccatc ggcttcctac tgctcatgac agtggctgca ggaggagctc tgctgtggag 780 

gaggagaaag ggactgccag ccccttggat cgctttccgt ggggacgata tzaggggccct 84 0 

cctgcccact cctggccttt ccaaagatgc tgaatcttag gatataaatg cgttcccagc 900 

aactgcctga tcgtccccca tcctggctgc taccagctaa tgtagtcagg tccttttcat 960 

gctgtgagac ctccaggaat cctggtattt ctgagccttc agaaggaccc gatgtgctcc 1020 

ctctggattt ctcctgtggt ctgcctcagt ttcccttcct gatatgtatg gcttttttcc 1080 

acctccacgt ataacatggg tttgggcccg aatcattgtg ttttcatagt ttaccttttt 114 0 

agggaagtgt agggggaata aatggtgcaa gccttgggct tcaaatctct cctcaggcta 1200 

acttgttgcc atggtggaat ctgccaattt tatataccaa gtcatgtatt tttaattaat 12 60 

aaatttcaca aatattccct gaaaaaa 1286 



<210> 3 
<211> 1211 
<212> DNA 

<213> Ovis sp. 

<400> 3 

atgcggcttc cccggcctca gccctggggg ctcggtctgt ttctcgtcct cctgcctggg 60 

gcgctgagcg cagagaacca tcgctcgctc cagtaccact tcaccgccgt gtcggccccc 120 

gccgcgggga cccctgcttt ctgggtttcg ggctggctag ggccccagca gtacctgagc 180 

tacaataacc tgcgggcgca ggctgagccg tatggcgcgt gggtctggga aagccaggtg 240 

tcctggtatt gggagaaaga gaccacggac ctgaggaacc aggagaagct cttcctccaa 3 00 

gcgctccaag ttttaggcga aggccccttc accctgcagg gcctgttggg ctgcgagttg 3 60 

ggccctgata atgtctcggt gccggtggcc aagtttgccc tgaacggcga ggagttcatg 420 

atgtttgacc ccaagctggg catctgggat ggtgactggc ctgagtcccg gacggtcagt 4 80 

atccagtgga caaagcagcc agaggcggtc aacaaggaga agaccttcct cctctactcc 54 0 

tgcccacacc ggctgctggg gcatctggag aggggccgag gcaacctgga gtggaaggag 600 

ccaccctcca tgcgcctgaa ggccagaccc agcagtcccg gcctctctgt gctcacctgc 660 

agcgccttct ccttctaccc acctgagctg aagctgcact tcctgcggaa cgggctggcc 720 

attggctctg gtgagattga catgggcccc aacggtgacg gctccttcta cgcctggtca 780 

tcactcacag tcaagagtgg cgacgagcac cactaccgct gcgtggtgca gcacgcgggg 840 

ctggcccagc ccctcacggt ggagctggaa tcaccagcca gaacctcgat gccagtggtg 900 

ggaatcgtca tcggcttttt cctgctcctg acagtggctg cgggcggagc tctcctgtgg 960 

agaaggatga ggaaggggct gccagcttct tggatctctt tccgtgggga ggatgtaggg 102 0 

gccctcctgc ccactcccgg cctgtccaag gatggtgaat cttaggataa aaatgcgttc 1080 

ccagcaactg ccgatcatcc cccatcctgg ctgttaccag ctaatgtcct caggtccttt 114 0 

tcatgctgtg agacctccgg gaatcctggt atttttgagc ctccggaagg agcccaatgt 1200 

cctccctctg g 1211 



<210> 4 
<211> 354 
<212> PRT 
<213> BOS sp. 

<400> 4 

Met Arg Leu Pro Arg Pro Gin Pro Trp Gly Leu Gly Leu Leu Leu Val 
15 10 15 
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Leu Leu Pro Gly Ala Leu Ser Ala Glu Asn Tyr Arg Ser Leu Gin Tyr 

20 25 30 

His Phe Thr Ala Val Ser Ala Pro Ala Ala Gly Thr Pro Ala Phe Trp 
35 40 45 

Val Ser Gly Trp Leu Gly Pro Gin Gin Tyr Leu Ser Tyr Asn Asn Leu 
50 55 60 

Arg Ala Gin Ala Glu Pro Tyr Gly Ala Trp Val Trp Glu Ser Gin Val 
65- 70 75 80 

Ser Trp Tyr Trp Glu Lys Glu Thr Met Asp Leu Arg Asn Gin Glu Thr 

85 90 95 

Leu Phe Leu Glu Ala Leu Gin Ala Leu Gly Glu Gly Pro Phe Thr Met 

100 105 110 

Gin Gly Leu Leu Gly Cys Glu Leu Gly Pro Asp Asn Val Ser Val Pro 
115 120 125 

Val Ala Lys Phe Ala Leu Asn Gly Glu Glu Phe Met Met Phe Asp Pro 
130 135 140 

Lys Leu Gly lie Trp Asp Gly Asp Trp Pro Glu Ser Arg Thr Val Ser 
145 150 155 160 

lie Lys Trp Thr Gin Gin Pro Glu Ala Val Asn Lys Glu Lys Thr Phe 

165 170 175 

Leu Leu Tyr Ser Cys Pro His Arg Leu Leu Gly His Leu Glu Arg Gly 

180 185 190 

Arg Gly Asn Leu Glu Trp Lys Glu Pro Pro Ser Met Arg Leu Lys Ala 
195 200 205 

Arg Pro Gly Ser Pro Gly Phe Ser Val Leu Thr Cys Ser Ala Phe Ser 
210 215 220 

Phe Tyr Pro Pro Glu Leu Lys Leu Arg Phe Leu Arg Asn Gly Leu Ala 
225 230 235 240 

He Gly Ser Gly Glu He Asp Met Gly Pro Asn Gly Asp Gly Ser Phe 

245 250 255 

Tyr Ala Trp Ser Ser Leu Thr Val Lys Ser Gly Asp Glu His His Tyr 

260 265 270 

Arg Cys Val Val Gin His Ala Gly Leu Ala Gin Pro Leu Thr Val Glu 
275 280 285 

Leu Glu Ser Pro Ala Arg Thr Ser Val Pro Val Val Gly He Val He 
290 295 300 

Gly Leu Phe Leu Leu Leu Thr Val Ala Ala Gly Gly Ala Leu Leu Trp 
305 310 315 320 

Arg Arg Met Arg Lys Gly Leu Pro Ala Pro Trp He Ser Phe Arg Gly 

325 330 335 



* 
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Glu Asp Val Gly Ala Leu Leu Pro Thr Pro Gly Leu Ser Lys Asp Gly 

340 345 350 

Glu Ser 



<210> 5 
<211> 292 
<212> PRT 

<213> Camelus dromedarius 
<400> 5 

Asn Leu Arg Ala Gin Ala Glu Pro Tyr Gly Ala Trp Val Trp Gly Ser 
1 5 10 15 

Gin Val Ser Trp Tyr Trp Glu Lys Glu Thr Thr Asp Leu Arg Asp Lys 

20 25 30 

Glu Lys Leu Phe Leu Glu Ala Leu Lys Val Phe Gly Asp Arg Asp Ser 
35 40 45 

Tyr Thr Leu Gin Gly Leu Leu Gly Cys Glu Leu Gly Pro Asp Asn Val 
50 55 60 

Ser Val Pro Met Ala Lys Tyr Ala Leu Asn Gly Glu Glu Phe Met Glu 
65 70 ,75 80 

Phe Asp Pro Lys Leu Gly lie Trp Asp Gly Asp Trp Pro Glu Ala Arg 

85 90 95 

Thr lie Gly lie Lys Trp Met Lys His Pro Glu Ala Val Asn Lys Glu 

100 105 110 

r 1 ■ 

I 

Lys Thr Phe Leu Leu Tyr Ser Cys Pro His Arg Leu Leu Gly His Leu 
115 120 125 

Glu Arg Gly Arg Gly Asn Leu Glu Trp Lys Glu Pro Pro Ser Met Arg 
130 135 140 

Leu Lys Ala Arg Pro Gly Asn Pro Gly Phe Ser Val Leu Thr Cys Ser 
145 150 155 160 

Ala Phe Ser Phe Tyr Pro Pro Glu Leu Gin Leu Arg Phe Leu Arg Asn 

165 170 175 

Gly Leu Ala Ala Gly Ser Gly Glu Gly Asp Val Val Pro Asn Gly Asp 

180 185 190 

Gly Ser Phe Tyr Ala Trp Ser Ser Leu Thr Val Lys Ser Gly Asp Glu 
195 ^ * 200 205 

His Gin Tyr Arg Cys Trp Val Gin His Val Gly Pro Ala Gin Pro Leu 
210 215 220 

Thr Val Glu Leu Glu Ser Pro Ala Lys Ser Ser Val Pro Val lie Gly 
225 230 235 240 

He Ser He Gly Phe Leu Leu Leu Met Thr Val Ala Ala Gly Gly Ala 

245 250 255 
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Leu Leu Trp Arg 

260 

Arg Gly Asp Asp 
275 



Arg Arg Lys Gly 

He Gly Ala Leu 

280 



Leu Pro Ala Pro 
265 

Leu Pro Thr Pro 



Trp He Ala Phe 
270 

Gly Leu Ser Lys 
285 



Asp Ala Glu Ser 
290 



<210> 6 
<211> 354 
<212> PRT 
<213> Ovis sp. 

<400> 6 

Met Arg Leu Pro Arg Pro Gin Pro Trp Gly Leu Gly Leu Phe Leu Val 
15 10 15 

Leu Leu Pro Gly Ala Leu Ser Ala Glu Asn His Arg Ser Leu Gin Tyr 

20 25 30 

His Phe Thr Ala Val Ser Ala Pro Ala Ala Gly Thr Pro Ala Phe Trp 
35 40 45 

Val Ser Gly Trp Leu Gly Pro Gin Gin Tyr Leu Ser Tyr Asn Asn Leu 
50 55 60 

Arg Ala Gin Ala Glu Pro Tyr Gly Ala Trp Val Trp Glu Ser Gin Val 
65 70 75 80 



Ser Trp Tyr Trp 



Leu Phe Leu Gin 

100 

Gin Gly Leu Leu 
115 



Glu Lys Glu Thr 
85 

Ala Leu Gin Val 



Gly Cys Glu Leu 

120 



Thr Asp Leu Arg 
90 

Leu Gly Glu Gly 
105 

Gly Pro Asp Asn 



Asn Gin Glu Lys 
95 

Pro Phe Thr Leu 
110 

Val Ser Val Pro 
125 



Val Ala Lys Phe 
130 

Lys Leu Gly He 
145 

He Gin Trp Thr 



Ala Leu Asn Gly 
135 

Trp Asp Gly Asp 
150 

Lys Gin Pro Glu 
165 



Glu Glu Phe Met 

140 

Trp Pro Glu Ser 
155 

Ala Val Asn Lys 
170 



Met Phe Asp Pro 



Arg Thr Val Ser 

160 

Glu Lys Thr Phe 
175 



Leu Leu Tyr Ser 

180 

Arg Gly Asn Leu 
195 



Cys Pro His Arg 



Glu Trp Lys Glu 

200 



Leu Leu Gly His 
185 

Pro Pro Ser Met 



Leu Glu Arg Gly 
190 

Arg Leu Lys Ala 
205 



Arg Pro Ser Ser Pro Gly 
210 

Phe Tyr Pro Pro Glu Leu 
225 230 



Leu Ser Val Leu Thr 
215 

Lys Leu His Phe Leu 

235 



Cys Ser Ala Phe Ser 
220 

Arg Asn Gly Leu Ala 

240 
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He Gly Ser Gly 



Tyr Ala Trp Ser 

260 

Arg Cys Val Val 
275 

Leu Glu Ser Pro 
- 2 90 

Gly Phe Phe Leu 
305 

Arg Arg Met Arg 



Glu Asp Val Gly 

340 

Glu Ser 



Glu He Asp Met 
245 

Ser Leu. Thr Val 



Gin His Ala Gly 

280 

Ala Arg Thr Ser 
295 

Leu Leu Thr Val 
310 

Lys Gly Leu Pro 
325 

Ala Leu Leu Pro 



Gly Pro Asn Gly 
250 

Lys Ser Gly Asp 
265 

Leu Ala Gin Pro 



Met Pro Val Val 

300 

Ala Ala Gly Gly 
315 

Ala Ser Trp He 
330 

Thr Pro Gly Leu 
345 



Asp Gly Ser Phe 
255 

Glu His His Tyr 
270 

Leu Thr Val Glu 
285 

Gly He Val He 



Ala Leu Leu Trp 

320 

Ser Phe Arg Gly 
335 

Ser Lys Asp Gly 
350 



<210> 7 
<211> 22 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial 
<400> 7 

cgcagcarta yctgasctac aa 



Sequence: oligonucleotide primer 

22 



<210> 8 

<211> 18 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: oligonucleotide primer 



<400> 8 

gattccsacc acrrgcac 18 



<210> 9 

<211> 19 

<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: adapter primer 
<400> 9 

cctgctgggc tgtgaactg 19 
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<210> 10 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: adapter primer 
<400> 10 

acggaggact tggctggag 

<210> 11 
<211> 35 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: FcRn-specif ic 
oligonucleotide 

<400> 11 

gactcgagtc gacatcgatt tttttttttt ttttt 

<210> 12 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: adapter primer 
<400> 12 

gactcgagtc gacatcg 

<210> 13 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

■ 

<220> 

<223> Description of Artificial Sequence: FcRn specific 
oligonucleotide 

<400> 13 

ggctccttcc actccaggtt 

<210> 14 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: FcRn specific 
primer 

<400> 14 

ctgctgcgtc cacttgata 
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<210> 15 

<211> 18 

<212> DNA 

<213> Artificial 



Sequence 



<220> 

<223> Description of Artificial Sequence: primer 
<400> 15 

ggcgacgagc accactac 



<210> 16 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 16 

gattcccgga ggtcwcaca 



<210> 17 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 

<400> 17 

ctggggccgc agagggaagg 



<210> 18 
<211>. 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 18 

gaggcagatc acaggaggag aaat 



<210> 19 
<211> 15 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: aa 173-187 of 
bovine FcRn 

<400> 19 

Leu Glu Trp Lys Glu Pro Pro Ser Met Arg Leu Lys Ala Arg Pro 
1 5 .10 15 
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<210> 20 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 20 

ctcacggtgg agctggct 18 
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